Fabrication of c-axis Oriented Epitaxial EuBa2Cu3O7-δ and EuBa2Cu4O8 Films on SrTiO3 (100) Substrate by Molten Hydroxide Method at 450°C  by Miyachi, Y. et al.
 Physics Procedia  65 ( 2015 )  129 – 132 
Available online at www.sciencedirect.com
1875-3892 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the ISS 2014 Program Committee
doi: 10.1016/j.phpro.2015.05.163 
ScienceDirect
WK,QWHUQDWLRQDO6\PSRVLXPRQ6XSHUFRQGXFWLYLW\,66
)DEULFDWLRQRIFD[LV2ULHQWHG(SLWD[LDO(X%D&X2GDQG
(X%D&X2)LOPVRQ6U7L26XEVWUDWH
E\0ROWHQ+\GUR[LGH0HWKRGDWq&
<0L\DFKL6)XQDNL<<DPDGD
3K\V0DWHU6FL6KLPDQH8QLYHUVLW\1LVKLNDZDWVX0DWVXH-DSDQ
Abstract 
(X%D&X2G(XDQG(X%D&X2(XILOPVRULHQWHGLQFD[LVZHUHGHSRVLWHGRQ6U7L2VXEVWUDWHVZLWKHXWHFWLF
1D2+.2+ IOX[ DW q&6\QWKHVL]HGSKDVHKDV FKDQJHGE\XVLQJYDULRXV W\SHVRI EDULXP VRXUFHPDWHULDOV3XUH(X ILOPV
VKRZHGVXSHUFRQGXFWLQJWUDQVLWLRQDWa.]HURUHVLVWDQFHZDVQRWREVHUYHGIRU(XWZRSKDVHILOPV2QHRIWKHSRVVLEOH
UHDVRQVRIWKLVLV(X%DVXEVWLWXWLRQRI(XSKDVH$FFRUGLQJWR7FRIWKH(XWKHPROWHQK\GUR[LGHPHWKRGHQDEOHVWRGHSRVLW
KLJKTXDOLW\(XILOPV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,663URJUDP&RPPLWWHH
.H\ZRUGV6XSHUFRQGXFWLQJILOP0ROWHQK\GUR[LGHPHWKRG5(%&2*URZWKIURPPHOW
1. Introduction 
5(%D&X2G 5( D VXSHUFRQGXFWRUZLWK7F a. KDV EHHQ UHVHDUFKHG IRU WHFKQLFDO DSSOLFDWLRQV LQ OLTXLG
QLWURJHQ %HFDXVH R[\JHQ FRQWHQW RI 5( LV WKHUPDOO\ XQVWDEOH LWV 7F LV IRXQG WR UDQJH IURP DERXW  WR  .
GHSHQGLQJ RQ WKH YDOXH RI WKH R[\JHQ GHILFLHQF\ 2Q WKH RWKHU KDQG 5( ZKLFK ZDV REVHUYHG ILUVW DV D GHIHFW
VWUXFWXUHLQ5(>@KDV7Fa.DQGLWVR[\JHQFRQWHQWDUHWKHUPDOO\VWDEOH>@0RUHRYHU0L\DWDNHHWDOUHSRUWHG
WKHLPSURYHPHQWRI7FWR.ZKLFKLVFRPSDUDEOHWR5(E\<&DVXEVWLWXWLRQ>@
3XOVHGODVHU GHSRVLWLRQ 3/' DQG PHWDORUJDQLF GHSRVLWLRQ 02' WHFKQLTXHV KDYH EHHQ FRPPRQO\ XVHG IRU
GHSRVLWLQJ5(WKLQILOPV%RWKWHFKQLTXHVSURYLGHKLJKWUDQVSRUWSURSHUWLHVRIWKHILOPVDW.(DFKPHWKRGKDV
WKHSUREOHPRIORZGHSRVLWLRQUDWH/LTXLGSKDVHHSLWD[\/3(WHFKQLTXHKDVEHHQNQRZQWRJURZKLJKTXDOLW\VLQJOH
FU\VWDOV DQG ILOPVZLWK D KLJK JURZWK UDWH DQG ODUJH GHSRVLWLRQ DUHD+RZHYHU WKLV WHFKQLTXH QHHGV KLJK GHSRVLWLRQ
WHPSHUDWXUHDQGUHVWULFWVXVHRIPHWDOOLFWDSHPDWHULDOV6RQJHWDOUHSRUWHGV\QWKHVLVRI<DWWKHDPELHQWSUHVVXUH
ZLWKSRWDVVLXPK\GUR[LGHIOX[EHORZ&>@7KLVPHWKRGSURYLGHVV\QWKHVLVRIVLQJOHFU\VWDOVLQPROWHQ.2+ZLWK
IDFHWV RI VHYHUDO WHQV RIPP0RUHRYHU \WWULXP FDQEH VXEVWLWXWHG IRU5(HOHPHQWV DQGZH UHSRUWHG IDEULFDWLRQV RI
5(E\WKHVLPLODUPHWKRG>@
,QRXUSUHYLRXVLQYHVWLJDWLRQWKHGHSRVLWLRQRI5(ILOPVRQ1G*D2VXEVWUDWHVZDVVWXGLHGZLWKSXUH.2+
IOX[LQDLU>@5HFHQWO\ZHVXFFHHGHGLQWKHIDEULFDWLRQRI5(LQORZR[\JHQSDUWLDOSUHVVXUHVDWDERXWq&>@


&RUUHVSRQGLQJDXWKRU7HOID[
(PDLODGGUHVVV#PDWVXVKLPDQHXDFMS
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0DUTXH]HWDOGHVFULEHGV\QWKHVLVRIWZLQIUHHRUWKRUKRPELF(XVLQJOHFU\VWDOIURPPROWHQHXWHFWLF1D2+.2+DW
q&>@(XWHFWLF1D2+.2+IOX[ZKLFKKDVDSRWHQWLDOWRUHGXFHWKHJURZWKWHPSHUDWXUHZLOOHQDEOHXVLQJYDULRXV
PDWHULDOVVXFKDVPHWDOVIRUYHVVHOVDQGVXEVWUDWHV,QWKLVVWXG\ZHGLVFXVVWKHRULHQWDWLRQDQG7FSURSHUWLHVRI(X
DQG(XILOPVGHSRVLWHGRQ6U7L2VXEVWUDWHVZLWKHXWHFWLF1D2+.2+
2. Experimental details 
(X2 %D&2 %D2 %D2+Â+2 DQG &X2 ZHUH XVHG DV VWDUWLQJ UDZ PDWHULDOV ZKRVH WKH PRODU UDWLR ZDV
(X%D&X (XWHFWLF1D2+.2+LQPRODUFRPSRVLWLRQZDVXVHGDVDIOX[7KHZHLJKWUDWLRRIWKH
IOX[WRWKHUDZPDWHULDOVZDVIRUXVLQJ%D&2DQG%D2DQGIRUXVLQJ%D2+Â+27KH%D2+Â+2
ZDV PL[HG ZLWK IOX[ EHIRUHKDQG 7KH IOX[ ZDV PHOWHG LQ DQ DOXPLQD FUXFLEOH DW & WR UHPRYH ZDWHU 7KH UDZ
PDWHULDOVDQG6U7L2VXEVWUDWHVZHUHSXWLQWRWKHPROWHQIOX[DWDQG&DQGNHSWIRUKRXUV
$IWHUFRROLQJWRURRPWHPSHUDWXUHWKHVXEVWUDWHVZHUHH[WUDFWHGIURPWKHIOX[E\ZDWHUDQGHWKDQRO*URZQSKDVHDQG
7FRIWKHILOPVZHUHLGHQWLILHGE\WKH;UD\GLIIUDFWLRQDQGWKHIRXUSUREHUHVLVWLYLW\PHDVXUHPHQWVUHVSHFWLYHO\
2EWDLQHG(XSKDVHZDV DQQHDOHG DW q& LQRQH DWPRVSKHUH R[\JHQ IRU K WKHQ FRROHG WR q&ZLWK WKH
FRROLQJUDWHRIq&KDQGILQDOO\FRROHGWRURRPWHPSHUDWXUH
3. Results and Discussion 
 &KDUDFWHULVWLFVDQG6\QWKHVL]HGSKDVHV
,QWKHSUHYLRXVVWXG\5(RU5(ILOPVZHUHGHSRVLWHGDWq&LQSXUH.2+,QFRQWUDVWZHVXFFHHGHGLQWKH
GHSRVLWLRQRI(XDQG(XILOPVRQ6U7L2VXEVWUDWHVDERYHq&LQHXWHFWLF1D2+.2+7KLVLVEHFDXVH
RIORZHULQJPHOWLQJSRLQWRIWKHIOX[0HOWLQJSRLQWRI.2+LVq&DQGWKDWRIHXWHFWLF1D2+.2+LVq&>@
DQGHXWHFWLF1D2+.2+PLJKWLQFUHDVHVROXELOLW\RIUDZPDWHULDOVDQGDFFHOHUDWHWKHJURZWKUHDFWLRQWKDQSXUH.2+
7DEOHVKRZVWKHWKLFNQHVVRIWKHILOPVIDEULFDWHGLQVHYHUDOFRQGLWLRQV7KHGHSRVLWLRQUDWHVWHQGWREHHQKDQFHGE\
LQFUHDVLQJ WKH IDEULFDWLRQ WHPSHUDWXUH DQG GHSHQG RQ WKH W\SH RI EDULXP VRXUFH PDWHULDOV )LJ VKRZV WKH 6(0
SKRWRJUDSKRIWKH(XILOPV\QWKHVL]HGZLWK%D2PDWHULDODWq&7KHILOPFRYHUHGIRURYHUDOOWKHVXEVWUDWHDQG
WKHWH[WXUHGSDWWHUQDSSHDUHGDORQJZLWKWKH6U7L2>@GLUHFWLRQ

7DEOH7KHWKLFNQHVVRIWKHILOPVIDEULFDWHGLQVHYHUDOFRQGLWLRQV
7\SHRIEDULXPVRXUFHPDWHULDO q& q& q&
%D&2 QP QP QP
%D2 QP QP QP
%D2+Â+2 QP QP QP
1 Pm

)LJ6(0SKRWRJUDSKRIWKH(XILOPIDEULFDWHGZLWK%D2PDWHULDODWq&
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
)LJ;5'TTSDWWHUQVIRUWKHILOPVIDEULFDWHGRQ6U7L2VXEVWUDWHVDWq&
ZLWKEDULXPVRXUFHRID%D&2E%D2DQGF%D2++2

)LJ  VKRZV ;UD\ GLIIUDFWLRQ SDWWHUQV IRU WKH ILOPV IDEULFDWHG DW YDULRXV WHPSHUDWXUHV ZLWK %D&2 %D2 DQG
%D2+Â+2 UHVSHFWLYHO\ (X O RU (X O SHDNV ZHUH RQO\ GHWHFWHG H[FHSW 6U7L2 K SHDNV
LQGLFDWLQJ WKDW WKH ILOPV ZHUH FD[LV RULHQWHG ZLWKRXW LPSXULW\ SKDVHV )URP VXUIDFH PRUSKRORJ\ DQG ;5' TT
SDWWHUQVLWLVUHDVRQDEOHWRVXSSRVHWKDWWKHILOPVKDGELD[LDORULHQWDWLRQ6LQFH5(DQG5(KDYHVWURQJHOHFWULF
DQLVRWURS\ DQG VKRZ GHWHULRUDWLRQ RI -F WKURXJK KLJK DQJOH JUDLQ ERXQGDU\ >@ WKLV PHWKRG LV DSSURSULDWH IRU
DSSOLFDWLRQV7KHILOPVIDEULFDWHGZLWK%D&2FRQWDLQHGERWK(XDQG(XSHDNV,QFRQWUDVWWKHILOPVIDEULFDWHG
ZLWK %D2 RU %D2+Â+2 FRQWDLQHG (X SKDVH SULPDULO\ WKRXJK ZHDN (X SHDNV ZHUH GHWHFWHG ZLWK
%D2+Â+2 DW q& 7KH EDULXP UHDJHQWV FRQWDLQLQJ LQ GLIIHUHQW IRUP FRXOG FKDQJH WKH HTXLOLEULXP VWDWH RU
UHDFWLRQSURFHVVLQWKHVROXWLRQUHVXOWLQJLQWKHGLIIHUHQWV\QWKHVL]HGSKDVHVDWWKHVDPHIDEULFDWLRQWHPSHUDWXUH
 6XSHUFRQGXFWLQJSURSHUWLHV
)LJVKRZVWHPSHUDWXUHGHSHQGHQFHRIQRUPDOL]HGHOHFWULFDOUHVLVWDQFHRIWKHILOPVIDEULFDWHGZLWKWKHWKUHHVRXUFH
PDWHULDOVRIEDULXPDWq&(XWZRSKDVHILOPVIDEULFDWHGZLWK%D&2VKRZHGWKHVKDUSGURSDWDERXW
.ZKLFKVHHPHGWREHGXHWR(XSKDVHKRZHYHUUHPDLQHGVPDOOUHVLVWDQFHHYHQDW.)URPWKHFD[LVOHQJWK
PHDVXUHGE\;UD\GLIIUDFWLRQWKHHVWLPDWHG(X%DUDWLRIRU(XRIWKHILOPSUHSDUHGZLWK%D&2DWq&LV(X%D
 ,WLVZHOONQRZQWKDW7FRI5(LVGHJUDGHGE\5(%DVXEVWLWXWLRQDQG(XVKRZV7Fa.DWWKLV
(X%DUDWLR>@,QYLHZRIWKHVHIDFWVZHFRQVLGHUWKDWQRQVXSHUFRQGXFWLYH(XSKDVHKDGVPDOOUHVLVWDQFHGRZQ
WRORZWHPSHUDWXUH2QWKHRWKHUKDQGVWKHILOPVRI(XIDEULFDWHGZLWK%D2DQG%D2+Â+2VKRZ7F]HUR 
.DQG.UHVSHFWLYHO\0RUULVHWDOUHSRUWHGWKDW7FRI(XZDV.E\0HLVVQHUVXVFHSWLELOLW\>@DQG
$GDFKLHWDOUHSRUWHG7FRQVHW .DQG7F]HUR .E\WKHHOHFWULFDOUHVLVWLYLW\PHDVXUHPHQW>@7KHILOPVJURZQ
IURPWKHPROWHQK\GUR[LGHIOX[H[KLELWHGKLJKHU7FWKDQSUHYLRXVO\UHSRUWHGYDOXHV
7KHILOPIDEULFDWHGZLWK%D2KDGFD[LVOHQJWKRIcLQFRQWUDVWWKHILOPIDEULFDWHGZLWK%D2+Â+2KDG
WKDWRIc,QWKH5(FD[LVOHQJWKLVFRQWUDFWHGE\5(%DVXEVWLWXWLRQ>@$VVXPLQJWKHVLPLODUWUHQGH[LVWV
LQ5(WKHGLIIHUHQFHVLQFD[LVOHQJWKRIWKH(XLVDVFULEHGWREHGXHWR(X%DVXEVWLWXWLRQDQGLWFRXOGFDXVH
WKH7FGLIIHUHQFHV
4. Conclusion 
:H KDYH VXFFHHGHG LQ WKH GHSRVLWLRQ RI FD[LV RULHQWHG (X DQG (X WZRSKDVH ILOPV RQ 6U7L2 
VXEVWUDWHVDWq&ZLWKHXWHFWLF1D2+.2+IOX[,QWKHFDVHRIXVLQJ%D2RU%D2+Â+2ZHFDQREWDLQILOPVRI
VLQJOH(XSKDVHZKHUHDVXVLQJ%D&2(X WZRSKDVHPL[WXUHDSSHDUHG7KH(X ILOP IDEULFDWHGZLWK
%D2VKRZV7F]HUR .ZKLFKLVKLJKHUWKDQWKDWUHSRUWHGSUHYLRXVO\)URPUHVXOWVRIWKH(XWKLVPHWKRGLVD
SURVSHFWLYHSURFHVVWRIDEULFDWHJRRGTXDOLW\VXSHUFRQGXFWLQJILOPV

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
)LJ7HPSHUDWXUHGHSHQGHQFHRIQRUPDOL]HGHOHFWULFDOUHVLVWDQFHRIWKHILOPV
IDEULFDWHGZLWKYDULRXVVRXUFHPDWHULDOVRIEDULXPDWq&
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